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^ABSTRACT 

This  report  provides  information  and  analysis  on  the  physical  condition  of 
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Cross  River  Dam  has  significant  deterioration  of  the  concrete  structure, 
spalling  of  concrete  on  the  dovnstream  face,  and  leaks  In  the  masonry  4am 
and  gate  valve. _ 
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ASSESSMENT  Or 
GENERAL  CONDITIONS 


Cross  River  Dam  is  a large  cyclopean  masonry  gravity  dan  built  in  1006  as  a 
water  supply  reservoir  for  the  City  of  New  York.  On  the  basis  of  this  Phase 
I visual  examination  and  analysis,  it  is  concluded  that,  the  dam  is  in  need  of 
a more  thorough  and  detailed  investigative  evaluation.  After  70  years  of 
service,  this  dam  is  severely  showing  its  age  and  its  structural  integrity  is 
somewhat  in  question.  The  structure  has  not  undergone  any  major  improvement 
or  repair  since  1006  other  than  replacement  of  the  stilling  basin  and  pump 
house  which  were  damaged  by  the  storm  of  October  15-18,  1055.  Substantial 
cracking  (the  source  of  v*iich  should  be  determined)  has  occurred  near  the  top 
of  the  dan  in  a storage  room  (bastion).  This  area  is  within  the  dan  above 
the  waterline  and  under  the  roadway  that  goes  over  the  dam.  The  concrete 
surface  of  the  dam  has  deteriorated  significantly  in  many  locations.  A num- 
ber of  lengthy  surface  cracks  have  been  located.  Wetness  on  the  downstream 
surface  (the  source  of  which  should  be  determined)  is  in  evidence.  Seepage 
into  the  valve  pit  below  the  dam  has  been  noted  as  well  as  possible  seepage 
on  the  south  abutment  area.  Large  calcified  seepage  deposits  have  been  found 
on  the  downstream  surface.  In  addition,  the  hydrologic  analysis  indicates 
that  the  dam's  spillway  is  not  capable  of  |>assing  the  Probable  Maximum  Flood 
(PMF).  The  spillway  is  currently  capable  of  passing  88  percent  of  the  PMF. 
The  stability  computation  indicates  an  unsat i sfactory  factor  of  safety  when 
uplift  forces  are  considered.  The  spillway  flood  stage  from  the  1/2  PMF  may 
also  be  of  sufficient  height  to  add  enough  pressure  on  the  bastion  wall  to 
cause  collapsing  of  the  wall  and  failure  of  the  road  above. 
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It  is  recounonded  that  further  studios  bo  made  to  dotorminc  the  structural 
integrity  of  the  dam.  tlon-destruct i ve  testing  of  the  dam  section  is  recom- 
mended as  well  as  field  investigations  and  engineering  studies  to  further 
evaluate  the  dam's  structural  stability.  The  bastion  area  should  be  properly 
repaired  to  provide  safety  for  use  of  tho  road  on  top  of  the  dam. 


Approved  By: 
Date: 


Dale  Engineering  Company 


.SrS*  > ) 's  , ^ 

violin  R.  Stetson  “President 


New  York  District  Engineer 
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View  across  front  of  dam  from  spillway 
wo i r location.  Circular  portion  of 
structure  contains  bastion  room  within 
dam.  Flour  o t room  is  0.66  foot  above 
spillway.  Hoorn  previously  list'd  to  store 
flashboards  which  are  no  longer  in  use. 
Notice  cracks  in  bastion  area. 


Detail  of  bridge  abutment,  wall  showing 
in  right  port  ion  of  picture  No.  8. 
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right,  of  ladder. 


l’ioturo  l ;ikcn  through  window  shown  in 
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Detail  of  seepage  under  spillway  concrete 
through  the  weathered  rock  joint.  Seepage 
noted  at  a number  of  locations  in  spill- 
way weir. 
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Detail  of  spillway  side  wall  below  bridge. 
Notice  cavity  in  sidewall  due  to  h i gh  dis- 
charge pressures. 


Flow  from  reservoir  in  stilling  basin  am 
Croton  Water  Supply  reservoir.  Notice 
•stilling  basin  slab  construction  .joint 
has  heaved  4 — 6 inches. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  - CROSS  RIVER  ID#  - NY38 

SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 


a.  Authority 

Authority  for  this  report  is  provided  by  the  National  Dam  Inspec- 
tion Act,  Public  Law  92-367  of  1972.  It  has  been  prepared  in  ac- 
cordance with  a contract  for  professional  services  between  Dale 
Engineering  Company  and  The  New  York  State  Department  of  Environ- 
mental Conservation. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  is  to  evaluate  the  structural  and 
hydraulic  condition  of  the  Cross  River  Dam  and  appurtenant  struc- 
tures, owned  by  New  York  City,  and  to  determine  if  the  dam  consti- 
tutes a hazard  to  human  life  or  property  and  to  transmit  findings 
to  the  State  of  New  York. 

This  Phase  I inspection  report  does  not  relieve  an  owner  or  opera- 
tor of  a dam  of  the  legal  duties,  obligations  or  liabilities  asso- 
ciated with  the  ownership  or  operation  of  the  dam.  In  addition, 
due  to  the  limited  scope  of  services  for  these  Phase  I investiga- 
tions, the  investigators  had  to  rely  upon  the  data  furnished  to 
them.  Therefore,  this  investigation  is  limited  to  visual  inspec- 
tion, review  of  data  prepared  by  others,  and  simplified  hydrologic, 
hydraulic  and  structural  stability  evaluations  where  appropriate. 
The  investigators  do  not  assume  responsibility  for  defects  or  de- 
ficiencies in  the  dam  or  in  the  data  provided. 

1.2  DESCRIPTION  OF  PROJECT 


a.  Description  oi  Dam  and  Appurtenances 

The  Cross  River  Dam  is  constructed  of  cyclopean  masonry  and  faced 
on  both  its  upstream  and  downstream  sides  with  concrete  blocks. 

The  dam  is  approximately  1,226  feet  long.  The  greatest  depth  of 
foundation  below  the  river  bed  is  37.7  feet.  The  height  is  170 
feet  above  foundation.  Length  at  the  top  is  986  feet.  Length  of 
spillway  is  240  feet.  Thickness  at  the  top  of  the  dam  is  23  feet. 
Thickness  at  the  base  is  116.3  feet.  The  spillway  is  situated  on 
the  northwest  end  of  the  structure  and  discharges  into  a side 
channel  spillway  which  discharges  down  a bedrock  channel  into  the 
Cross  River.  The  dam  and  spillway  are  founded  entirely  on  rock. 
Two  48-inch  iron  pipes,  provided  with  valves,  located  in  the  gate 
house,  are  embedded  in  the  lower  part  of  the  dam  to  control  the 
flow  of  water. 
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Location 


Cross  River  Dam  is  located  in  the  Town  of  Bedford,  Westchester 
County,  New  York. 

Size  Classification 

The  maximum  height  of  the  dam  is  approximately  133  feet  above  the 
old  river  bed.  The  storage  volume  of  the  dam  is  approximately 
41,000  acre  feet.  Therefore,  the  dam  is  in  the  large  size  category 
as  defined  by  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams. 

Hazard  Classification 


Cross  River,  the  receiving  stream  from  the  impoundment  flows 
through  the  Village  of  Katonah,  a sizeable  residential  development. 
Therefore,  the  dam  is  in  the  high  hazard  category  as  defined  by  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams. 

Ownership 

The  dam  is  owned  by  The  City  of  New  York,  Bureau  of  Water  Supply. 
Purpose  of  Dam 

The  dam  presently  functions  as  a standby  water  supply  reservoir  for 
the  City  of  New  York.  During  periods  when  flow  from  the  Delaware 
Aqueduct  is  inadequate,  the  reservoir  is  used  to  augment  flows  to 
meet  demands.  Flow  from  the  Croton  System  supplements  the  water 
supply  going  to  the  City.  It  is  reported  that  the  Croton  System  is 
used  in  this  manner  approximately  2 months  of  the  year. 

Design  and  Construction  History 

The  Cross  River  Dam  and  Reservoir  was  designed  by  the  Aqueduct  Com- 
mission of  the  City  of  New  York.  The  contract  for  construction  of 
the  Cross  River  Dam  was  awarded  on  June  20,  1905  and  the  reservoir 
was  put  in  service  on  Mqy  1,  1908.  The  flood  of  October  15-18, 
1955,  caused  extensive  damage  to  the  stilling  basin  at  the  bottom 
of  the  spillway  chute.  This  stilling  basin  was  subsequently  recon- 
structed along  with  a pumping  station  which  has  been  built  close  to 
the  toe  of  the  dam. 

Normal  Operational  Procedures 

The  Cross  River  Dam  and  Reservoir  is  operated  by  the  Bureau  of  Wa- 
ter Supply  of  the  City  of  New  York  with  Croton  Division  headquar- 
ters in  Katonah,  New  York.  The  dam  is  under  constant  surveilance 
by  Bureau  personnel  and  is  periodically  inspected  by  the  City. 
Normal  operation  consists  of  adjusting  the  flow  in  the  discharge 
lines  to  maintain  a full  head  at  the  spillway.  During  high  demand 
periods,  the  pump  station  at  the  base  of  the  dam  is  operated  to 
discharge  water  into  the  Delaware  Aqueduct. 
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PERTINENT  DATA 


a.  Drainage  Area 

The  drainage  area  of  the  Cross  River  is  28.4  square  miles. 

b.  Discharge  at  Pam  Site 

Flow  discharge  records  are  available  at  this  site  in  the  form  of 
daily  9:00  AM  spillway  readings  available  from  Croton  Division 
Office  in  Katonah. 

Computed  Discharges: 

Ungated  spillway,  top  of  dam 
Ungated  spillway,  1/2  PMF 
Ungated  spillway,  PMF 

c.  Elevation  (feet  above  MSL) 

Top  of  dam 
Design  discharge 

Spillway  crest 

Stream  bed  at  centerline  of  dam 

d.  Reservoir 

Length  of  maximum  pool 
Length  of  normal  pool 

e.  Storage 

Top  of  dam 
Normal  pool 

f . Reservoir  Surface 

Top  of  dam 
Maximum  pool 
Spillway  pool 

g.  Dam 

Type  - Cyclopean  masonry. 

Length  - 1226  feet. 

Height  - 105  feet  above  finished  grade. 

Freeboard  between  normal  reservoir  and  top  of  dam  - 10  feet. 

Top  width  - 23  feet. 

Side  slopes  - Vertical  - upstream. 

1/2  horizontal  to  1 vertical  - downstream. 


25273  cfs 
13516  cfs 
28532  cfs 


340 

340.5  (PMF) 

336.5  (1/2  PMF) 
330 

210 


22500  feet 
17000  feet 


39700  acre  feet 
32000  acre  feet 


Not  estimated 
Not  estimated 
899.2  acres 


Zoning  - None. 

Impervious  - No  core.  Not  applicable. 

Grout  Curtain  - Not  known. 

Spillway  - 240  feet  side  channel  ogee  weir  section  into  a side 
channel  trough  leading  to  a spillway  chute  founded  on  rock  which 
flows  into  the  stilling  basin. 


SECTION  2 - ENGINEERING  DATA 


i: 

L 

2.1  DESIGN 


The  information  available  for  review  of  the  Cross  River  Dam 
incl uded: 

1)  The  plans  included  in  this  report  are  Figures  2 through  25. 

2)  References  2,  3 and  5 in  Appendix  E. 

2.2  CONSTRUCTION 

Information  regarding  the  dam's  construction  was  obtained  from 
Reference  2,  3 and  5 in  Appendix  E.  These  sources  of  information 
provide  a narrative  description  of  the  salient  points  relating  to 
the  dam's  construction  and  of  project  milestones  of  the  work 
process  (news  items).  Limited  technical  data  was  obtained  in  these 
sources.  No  detailed  field  engineering  data  was  found  in  these 
references. 

2.3  OPERATION 


See  Section  4. 
2.4  EVALUATION 


The  limited  data  reviewed  indicates  the  dam  was  carefully  construc- 
ted. The  information  obtained  was  considered  adequate  to  enable 
the  investigators  to  perform  this  Phase  I investigation. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  SUMMARY 

a.  General 


The  visual  inspection  of  Cross  River  Pam  took  place  on  July  27, 

1978  and  again  on  August  2,  1978.  The  second  inspection  was  per- 
formed to  make  further  study  of  areas  of  concern  with  Mr.  George 
Koch,  Chief  of  Dam  Safety  for  New  York  State  and  Messrs.  Anthony 
Barbero  and  Jerome  Caspe,  Administrators  for  the  Pam  Safety  Program 
for  the  New  York  District  of  the  Corps  of  Engineers.  Over  the 
years,  the  dam  has  undergone  continued  maintenance  by  the  New  York 
City  Bureau  of  Water  Supply.  Two  incidents  effecting  the  dam  were 
reported  to  the  dam  inspection  team.  On  October  18,  1955,  a flood 
stage  of  4.49  feet  above  the  spillway  crest  was  measured  when  a 
significant  rainfall  event  severely  eroded  the  stilling  basin  and 
destroyed  a pumping  station  located  close  to  the  basin.  The  dis- 
charge from  this  storm  event  was  estimated  to  be  3650  cfs.  A sec- 
ond incident,  which  occurred  sometime  prior  to  1965,  caused  struc- 
tural damage  to  the  roof  of  a bastion  chamber  and  upstream  wall  of 
the  dam  above  the  waterline  near  the  north  end  of  the  dam.  The 
bastion  chamber  was  used  to  store  stop  planks  for  the  spillway. 

The  structural  damage  consists  of  severe  cracking  of  the  upstream 
concrete  wall,  buckling  of  the  roadway  curb  on  top  of  the  dam  and 
cracking  of  the  columns  and  beams  in  the  bastion  which  support  the 
roadway  across  the  dam. 

h.  Dam  . 

The  cyclopean  masonry  dam  visually  conforms  to  the  plans  provided 
in  the  report.  The  massive  structure  has  a large  amount  of 
deterioration  of  the  concrete  facing.  The  bastion  area,  previously 
mentioned,  has  complete  fracture  of  wall  sections  and  interior 
nonreinforced  concrete  column  elements.  Seepage  is  also  suspected 
along  the  south  abutment.  Photographs  1 and  2 are  views  across  the 
top  of  the  dam.  The  road  is  maintained  by  the  Town.  Reportedly, 
salt  is  spread  on  the  road  during  winter.  Photographs  12  and  13 
are  close-ups  of  portions  of  the  roadway. 

The  concrete  facing  of  the  dam  has  deteriorated  as  can  be  seen  in 
Photographs  14,  23,  24,  25,  26,  27  and  28.  In  Photographs  23  and 
24  the  surface  of  the  dam  was  noted  to  be  moist.  This  condition 
could  be  caused  by  absorbed  moisture  from  rainfall  or  seepage. 
Photographs  25  and  26  show  where  spalling  has  occured  up  to  eight 
inches  in  depth  (estimated),  forming  a surface  crack  up  to  the  top 
of  the  dam.  Another  crack  line  occurs  on  the  south  side  of  the 


dam.  Both  of  these  cracks  have  formed  at  the  quarter  points  of  the 
downstream  face  of  the  dam  very  near  the  location  where  the  abut- 
ment meets  the  valley  section.  Photograph  28  shows  calcium  depos- 
its on  the  downstream  face  of  the  dam. 

Photographs  6 through  11  show  extensive  damage  to  the  bastion  cham- 
bers. It  is  not  known  what  caused  this  movement  and  cracking  to 
occur.  Possible  causes  for  this  damage  are  frost  heave,  thermal 
expansion,  creep,  pore  pressure,  foundation  movement,  reservoir 
head,  vehicular  traffic  loads  and  seismic  activity.  The  fracture 
and  displacements  seem  to  indicate  expansion  along  the  longitudinal 
axis  of  the  dam.  The  bastion  area  being  a circular  (relatively) 
thin  walled  structure  is  the  weakest  point  in  the  dams  longitudinal 
axis  and  is  between  the  south  abutment  and  the  north  ends  bridge 
arch.  Expansion  forces  seem  to  have  pushed  the  front  wall  of  the 
bastion  area  out.  Fractured  column  joints  show  movement  to  the 
North.  Lateral  torsion  failures  were  visible  in  the  roads  floor 
beams.  The  cause  of  these  fractures  is  not  known,  however,  the 
most  prevalent  explanation  appears  to  be  frost  heave. 

Photograph  21  shows  seepage  flow  in  the  underground  valve  pit  at 
.the  toe  of  the  dam.  From  this  pit  a drain  pipe  discharges  into  the 
stilling  basin.  The  outflow  location  of  this  pipe  is  the  small 
pipe  shown  in  the  center  of  Photograph  20  to  the  left  of  the  con- 
struction joint  and  to  the  right  of  the  larger  reservoir  discharge 
outlet.  At  the  time  of  the  second  inspection  an  excavation  had 
been  made  next  to  the  valve  pit  exposing  the  leak  at  the  surface. 
The  excavation  was  found  to  be  full  of  water.  The  source  of  flow 
is  not  known. 

Photographs  29  and  30  show  an  area  near  the  south  abutment  where 
seepage  is  suspected.  At  time  of  second  inspection  the  ground  ex- 
hibited more  wetness  than  at  the  first  observation. 

c.  Spillway 

The  ogee  concrete  spi  1 1 wa^y  is  founded  on  exposed  rock  as  shown  in 
Photographs  10  and  17.  At  a number  of  points,  seepage  was  noted, 
one  of  these  locations  is  shown  in  Photograph  18.  It  appears  to  be 
through  the  weathered  rock  at  the  concrete  contact  surface.  The 
spillway  approach  is  shown  in  Photograph  15,  while  the  downstream 
chute  of  bedrock  is  shown  in  Photograph  4.  Photograph  19  shows  a 
cavity  in  the  south  side  spillway  below  the  bridge  which  is  sus- 
pected to  have  occurred  due  to  weathering  of  rock  and  high  velocity 
discharge  flows.  The  new  stilling  basin,  shown  in  Photograph  21, 
shows  where  the  left  portion  of  the  slab  has  moved  vertically  from 
the  right  portion. 
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d.  Appurtenant  Structures 

A minor  leak  was  observed  in  the  valve  pit  at  a joint.  This  was 
repaired  at  the  time  of  the  second  inspection.  The  pit  area  has  a 
leak  coming  from  a pipe  sleeve  through  the  concrete  wall  at  the 
location  of  the  southeast  corner  of  the  pit.  All  valves  appeared 
to  be  operable  with  significant  discharge  coming  through  the  low 
level  outlets.  The  pumping  station,  which  is  located  below  the  dam 
in  the  center  of  Photograph  5,  allows  the  city  to  divert  flows  into 
the  Delaware  Aqueduct  from  the  Cross  River  Reservoir.  The  floor  of 
the  pump  house  was  di7. 

e.  Downstream  Channel 


The  downstream  channel  is  shown  in  Photograph  22.  Below  this  area 
1 ies  the  Muscoot  Dam. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

Operational  procedures  were  not  observed  by  the  Inspection  team. 

The  dam  and  reservoir  are  owned  by  the  New  York  City  Bureau  of 
Water  Supply  and  are  maintained  by  the  staff  of  the  Croton  Division 
located  in  Katonah,  New  York.  It  is  the  staffs  responsibility  to 
maintain  and  operate  the  facility  under  the  direction  of  the  cen- 
tral office  in  New  York  City.  During  normal  conditions,  the  water 
surface  elevation  of  the  reservoir  is  at  the  spillway  crest. 

Control  valves  in  the  valve  chamber  can  either  discharge  into  the 
stilling  basin  which  flows  into  Croton  Reservoir  and  to  New  York 
via  the  Croton  Aqueduct  or  to  the  pump  house  which  pumps  into  the 
Delaware  system. 

4.2  MAINTENANCE  OF  DAM 

The  dam  is  maintained  by  the  Croton  Division  full-time  maintenance 
staff.  The  Croton  Division  Operations  Center  has  a complete  staff 
capable  in  operation  and  maintenance  engineering  for  the  facility. 
While  the  dam  is  continually  maintained,  there  is  no  individual  at 
the  dam  site  full-time.  There  is  also  no  flood  warning  system  in 
operation  (to  the  knowledge  of  the  investigations). 
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SECTION  5 - HYDROLOGY  ANO  HYDRAULICS 


5.1  EVALUATION  OF  FEATURES 
a.  Design  Data 

For  this  report,  no  information  relevant  to  the  hydrologic  and/or 
hydraulic  design  for  the  dam  was  available.  Analysis  provided  in 
Appendix  C was  performed  utilizing  information  obtained  from  con- 
struction documents  and  other  general  sources  of  information  listed 
in  the  reference  section  of  this  report. 

The  massive  wall  of  the  Cross  River  Dam  spans  the  valley  of  the 
Cross  River  which  is  a tributary  of  the  Croton  River  forming  the 
Cross  River  Reservoir.  The  drainage  area  contributing  to  the  res- 
ervoir is  29.8  square  miles.  The  volume  of  impoundment  water  is 
mainly  a function  of  the  natural  watershed  although  a number  of 
small  reservoirs  and  ponds  lie  upstream  of  the  reservoir.  The  res- 
ervoir augments  flows  into  the  Croton  System  through  the  Muscoot 
and  Croton  Dams  downstream.  For  the  purpose  of  this  investigation, 
the  dam  and  spillway  were  analyzed  with  respect  to  their  flood  con- 
trol potential  and  to  determine  their  adequacy  under  rare  flooding 
conditions.  This  potential  was  assessed  through  the  development  of 
the  Probable  Maxiimm  Flood  (PMF)  for  the  watershed  and  the  subse- 
quent routing  of  the  PMF  through  the  reservoir  system.  The  PMF  is 
that  Ijypothetical  flow  induced  by  the  most  critical  combination  of 
precipitation,  minimum  infiltration  losses,  and  concentration  of 
run-off  at  a specific  location,  that  is  considered  reasonably  pos- 
sible for  a particular  drainage  area. 

The  hydrologic  analysis  was  performed  using  the  unit  hydrograph 
method  to  develop  the  flood  hydrograph.  For  the  dam's  location 
little  hydrologic  information  was  found  from  available  studies.  At 
the  dam  site  the  floods  of  record  include:  storm  of  October  18, 
1955;  Hurricane  Diane,  August  17,  1955,  and  a prior  storm  of  August 
12,  1955.  The  USGS  gage  at  the  dam  site  recorded  11  inches  of  rain 
on  October  16,  17  and  18.  No  information  was  available  to  deter- 
mine the  frequency  of  this  event.  An  isohyetal  map  of  this  event 
was  obtained  from  the  Lower  Hudson  Report  [Ref.  7].  Three  hour 
rainfall  precipitation  data  from  a gage  north  of  the  basin  was  used 
to  evaluate  the  unit  hydrograph  derived  for  this  study.  The  Bureau 
of  Water  Supply  measured  the  spillway  discharges  that  morning  at 
9:00  AM  of  October  18.  The  recording  was  4.49  feet  of  flow,  2.49 
feet  over  the  2-foot  flashboards.  This  was  computed  to  be  equal  to 
a discharge  of  3650  cfs.  Reconstitution  of  the  event  yielded  a 
discharge  of  6907  cfs  into  the  reservoir  and  3282  cfs  over  the 
structure.  The  computed  time  of  peak  discharge  was  at  9:00  AM  on 
October  18.  No  effort  was  made  to  calibrate  the  model  (i.e.  loss 
rates)  to  the  measured  discharge.  These  results  indicate  the  unit 
hydrograph  is  reasonable.  Additional  work  on  this  reconstruction 
could  evaluate  the  reservoir  stage- storage  relationship  at  the  be- 
ginning of  the  event,  evaluate  loss  rate  functions,  etc.  It  is 
felt  that  the  unit  hydrograph  is  adequate  for  this  scope  of  analy- 
sis. 
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In  preparing  the  unit  hydrograph,  Clark's  coefficients  were  esti- 
mated. For  the  Clark  Method,  values  of  Tc  = 7.0  and  R « 5.30  were 
computed.  Snyder's  CT  was  later  checked  from  the  computer  pro- 
gram's derivation  of  Snyder  parameters  Tpr  and  Cp  and  a CT  value 
of  1.75  was  computed.  This  value  of  CT  is  very  reasonable.  The 
New  York  District  recommends  CT  of  2.0  for  mountainous  areas  and 
rolling  hills  vtoich  are  typical  of  the  area;  whereas  Chow 
recommends  a general  value  of  1.2  [Ref.  10]  for  this  condition. 

The  Probable  Maximum  Flood  (PMF)  tydrograph  was  determined  using 
Probable  Maximum  Precipitation  rainfall  data  obtained  in  Hydro- 
meteorlogical  Report  No.  51.  An  index  rainfall  of  24.0  inches  for 
a 200  square  mile  area  for  a period  of  24  hours  was  adopted  for  the 
analysis.  Both  the  PMF  and  1/2  PMF  were  evaluated.  The  1/2  PMF 
was  assumed  to  be  approximately  the  Standard  Project  Flood  (SPF)  in 
utilizing  the  U.S.  Am\y  Corps  of  Engineers  Hydrologic  Engineering 
Center's  Computer  Program  UHCOMP.  The  peak  discharge  for  the  PMF 
was  31,726  cfs  and  for  the  1/2  PMF  (SPF)  was  16,145  cfs. 

Hydraulic  studies  were  performed  on  the  spillway  weir  assuming  weir 
control  (submergence  was  not  evaluated).  These  computations  are 
shown  in  Appendix  C.  Only  the  240  foot  long  spillway  was  consid- 
ered active  in  routing  the  PMF  and  1/2  PMF  (SPF)  flows. 

The  U.S.  Am\y  Corps  of  Engineers  Hydrologic  Engineering  Center's 
Program  HEC-1,  using  the  Modified  Puls  Method  for  flood  routing  was 
used  to  evaluate  the  structure  and  reservoir.  Peak  flow  discharges 
were  reduced  to  28,532  for  the  PMF  and  13,516  for  the  SPF.  The 
spillway  capacity  is  25,  273  cfs  and  the  spillway  is  capable  of 
passing  88  percent  of  the  PMF.  The  reductions  were  not  signifi- 
cant. The  computed  stage-discharge  relationship  in  Appendix  C 
indicates  that  the  dam,  which  is  in  the  large  dam  classification, 
may  be  topped  with  a PMF  event.  In  addition,  the  1/2  PMF  (SPF) 
would  discharge  6.6  feet  of  flow  over  the  spillway.  This  flow 
depth  would  be  of  sufficient  height  to  flood  the  bastion  chaim  >r 
putting  additional  pressure  on  the  wall  sections.  Rased  on  the 
concern  for  failure  of  a roadway,  additional  work  needs  to  be  done 
in  further  investigations  at  which  time  the  Hydrologic  analysis 
work  should  be  refined.  This  work  should  include  determination  of 
possible  spillway  submergence,  preparation  of  a new  spillway  rating 
curve  and  evaluation  of  the  capacity  of  the  open  channel  spillway 
chute. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations  And  Data  Review 


The  major  portion  of  the  masonry  dam  and  spillway  appears  to  retain 
structural  stability  at  this  time,  with  no  indication  of  misalign- 
ment, significant  settlement  or  other  structural  movement.  How- 
ever, considerable  structural  cracking  of  the  concrete  elements 
comprising  the  bastion  chamber  constructed  as  part  of  the  dams 
northerly  abutment  has  occurred.  This  chamber  inmediately 
underlies  the  roadway  crossing  along  the  top  of  the  dam,  and  the 
bastion  floor  is  approximately  at  the  spillway  elevation.  The 
dam's  downstream  face  shows  a considerable  number  of  areas  where 
surface  spalling  of  the  concrete  has  occurred,  and  at  the  time  of 
the  field  inspection,  the  surface  of  various  spalled  sections  was 
damp  and/or  wet.  Calcified  seepage  deposits  were  noted  at  a few 
locations.  What  appears  to  be  a vertical  surface  cracking  of  the 
downstream  face  was  noted  near  the  upper  portion  of  the  dam,  at 
approximately  the  quarter-length  points  inward  at  both  abutment  toe 
locations. 

The  ground  surface  immediately  downstream  from  the  dam  generally 
was  found  to  be  dry,  except  for  ground  wetness  noted  in  an  area 
approximately  one-quarter  of  the  dams  length  from  the  southerly 
abutment.  Foliage  and  ground  cover  in  this  area  is  very  heavy, 
defining  the  extent  of  the  ground  surface  effected.  A section  50 
to  100  feet  along  the  face  of  the  dam  could  be  involved. 

The  concrete  spillway  bears  on  a foundation  of  exposed  bedrock. 
Seepage  was  observed  from  the  construction  joint  between  the  poured 
concrete  and  the  rock  foundation.  The  spillway  chute  consists  of 
bedrock.  No  seepage  was  noted  to  be  occurring  at  the  end  section 
of  the  dam  (in  and  adjacent  to  the  spillway  chute)  which  underlies 
the  storage  chamber  mentioned  above. 

Some  leakage  was  noted  in  the  below-ground  valve  pit  area  located 
just  below  the  downstream  toe. 

b.  Geology  and  Seismic  Stability 

The  New  York  State  Geologic  Map  (1970)  indicates  the  dam  is  sited 
in  an  area  whose  bedrock  is  Fordham  Gneiss.  The  gneiss  crops  out 
beneath  the  spillway,  along  the  valley  wall  opposite  to  and  north 
of  the  spillway,  and  comprises  the  whole  of  the  downstream  channel 
bed  from  the  spillway  to  the  pool  below.  Foliation  generally 
strikes  east-west  and  dips  steeply,  60  to  90  degrees  north.  A num- 
ber of  small,  very  tight  folds  are  present.  Some  minor  amounts  of 
garnet  grains  were  noted.  The  biotite,  hornblende  and  amphibolite 
portions  of  the  gneiss  weather  readily  and  may  yield  rotted  zones 
or  seams  in  the  rock.  Such  weathered  zones  were  noted  in  the 
area.  Permeability  of  unweathered  sound  gneiss  is  relatively  low. 
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The  State  Geologic  map  indicates  several  faults  present  in  the 
area.  None  are  known  to  exist  in  the  immediate  vicinity  of  the  dam 
or  the  spillway.  See  Geologic  Map  figure  26. 

Earthquakes  recorded  for  the  area  are  tabulated  below: 

Date  Intensity-Modified  Mercalli  location  Relative  to  Dam 


1885 

III 

6 mi.  W 

1937 

II 

8 mi.  SW 

1938-1 

III 

5 mi.  SSW 

1938-2 

III 

5 ni . SSW 

1938-3 

II 

6 mi . S 

1964-1 

II 

5 mi . SW 

1964-2 

II 

5 mi.  SW 

1964-3 

V 

5 mi.  SW 

1967 

V 

8 mi . SW 

1972 

unknown 

8 m i . SW 

Although  this  area  is  designated  as  being  in  Zone  1 of  the  Seismic 
Probability  Map,  the  New  York  State  Geological  Survey  believes  this 
area  should  be  upgraded  to  Zone  2.  Convention  assumes  no  earth- 
quake hazard  for  a Zone  1 or  2 designation. 

c.  Data  Review  and  Stability  Evaluation 

Design  drawings  applicable  to  stability  evaluations  made  available 
for  this  study  are  limited  to  dam  cross-sections.  Soil/rock  prop- 
erties and  upstream/ downstream  water  conditions  utilized  for  the 
dam  design  are  not  known.  As  part  of  the  present  study,  stability 
evaluations  have  been  performed.  Actual  properties  of  the  sites 
foundation  soils  and  rock  and  the  groundwater  conditions  in  the 
area  have  not  been  determined;  where  data  was  lacking,  simplifying 
conservative  assumptions  have  been  applied.  The  conditions  for  a 
reservoir  at  spillway  elevation  with  ice,  and  for  flow  overtopping 
the  dam  by  one  foot,  have  been  studied. 

The  analysis  performed  (See  Appendix  D)  indicate  unsatisfactory 
stability  against  overturning  and  sliding  for  the  forces  assumed. 

RESULTS  OF  STABILITY  COMMUTATIONS 


CASE 

Water  level  and  ice  at 
spillway  elevation, 
downstream  subsurface  at  ground 
surface, 

uplift  acts  beneath  base  of  dam. 

. Stability  where  water  level  tops 
dam  by  one  foot. 


UPLIFT 

FACTORS  OF  SAFETY 
OVERTURNING  SLIDING 

YES 

1.2 

0.88 

NO 

2.9 

1.60 

YES 

1 .06 

NO 

2.40 
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Critical  to  the  analysis  and  resulting  indication  of  stability  are 
the  items  of  uplift  water  pressures  acting  on  the  base  of  the  dam 
and  relative  permeabilities  of  the  sites  foundation  soil  and  rock. 
The  analysis  uplift  force  was  based  on  a full  headwater  hydrostatic 
pressure  acting  on  the  dams  upstream  corner  and  a full  tailwater 
hydrostatic  pressure  (for  the  condition  of  a water  surface  at  the 
elevation  of  the  downstream  ground  surface)  acting  at  the  dams 
downstream  corner.  Uplift  pressures  were  assumed  to  vary  linearly 
between  the  dams  upstream  and  downstream  corners,  and  act  upon  100 
percent  of  the  dam  base.  The  resulting  uplift  force  represents  a 
condition  that  is,  to  the  analysis,  very  significant  in  arriving  at 
the  computed  dangerously  low  factors  of  safety  against  overturning/ 
si iding. 

The  assigned  uplift  force  is  felt  to  be  conservative  but  also  could 
be  too  great  or  too  small.  The  prediction  of  uplift  acting  on  the 
base  of  a gravity  dam  which  is  supported  on  rock,  without  having 
information  on  the  permeability/seepage  properties  of  the  founda- 
tion rock  stratum  and  upstream/downstream  earth  overlying  the 
rock,  represents  an  engineering  analysis  area  of  great  uncertainty. 
If  the  permeability  of  the  rock  stratum  foundation  is  very  high, 
the  uplift  pressure  on  the  dams  upstream  corner  could  be  less  than 
a hydrostatic  pressure  computed  on  the  basis  of  a full  headwater 
elevation.  The  full  headwater  hydrostatic  pressure  is  felt  to  be 
reasonable  where  the  permeability  of  the  rock  foundation  is  very 
low  compared  to  the  permeability  of  soil  in  back  of  the  dam.  If 
the  rock  is  layered  and  jointed,  the  uplift  computed  assuming  a 
linear  variation  of  pressures  and  a resulting  force  acting  only  on 
an  area  equal  to  the  dam  base  could  be  too  low.  However,  if  the 
rock  is  very  sound  and  impermeable,  seepage  would  be  very  low  and 
uplift  pressures  of  significance  would  require  a long  period  of 
time  to  develop.  Similarly,  within  the  masonry  itself  (say  near 
the  base  of  the  dam)  hydrostatic  pressures  from  permeating  head- 
water potentially  causing  the  same  effect  as  uplift  at  the  base  of 
the  dam  could  require  a considerable  period  of  time  before  reaching 
a significant  magnitude.  A conclusion  drawn  from  these  latter  con- 
ditions is  that  the  computed  uplift  shown  in  the  reports  stability 
analysis  may  not  exist  at  present  and  only  develop  at  some  future 
time. 

Due  to  of  the  critical  nature  of  the  uplift  force  acting  on  this 
dam  and  the  related  very  critical  question  of  structural  stability, 
it  would  be  prudent  to  perform  a field  investigation  and  engineer- 
ing study  as  necessary  to  properly  determine  the  underdam  seepage 
and  uplift  pressures,  and  ascertain  the  resulting  effect  on  the 
dams  stability.  The  necessary  engineering  geology  field  investi- 
gation would  include  subsurface  explorations  such  as  borings  to  ob- 
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tain  undisturbed  rock  samples  and  to  determine  the  geologic  and  en- 
gineering character  and  properf. ios  of  the  rock,  and  installing  in- 
struments for  determining  seepage  gradients  and  pressures. 

The  field  explorations  can  also  extend  to  the  area  where  seepage  is 
presently  suspected  (see  section  (a)  above),  to  more  fully  evaluate 
the  condition  and  if  necessary  to  develop  plans  for  a remedy  (such 
as  a grouting  program). 

The  poor  structural  condition  of  the  storage  chamber  underlying  the 
dam  roadway  adjacent  to  the  spillway  apparently  is  not  yet  having  a 
structurally  adverse  effect  on  the  dam.  Repairs  to  damaged  com- 
ponents should  be  undertaken,  and  the  area  kept  under  close  obser- 
vation. 
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SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

On  the  basis  of  the  Phase  I visual  examinations  and  analysis,  it  is 
concluded  that  the  Cross  River  Dam  is  in  need  of  a more  thorough 
and  detailed  investigative  evaluation.  The  cyclopean  masonry  dam 
which  is  approximately  105  feet  above  grade  is  a large  dam  in  the 
high  hazard  category.  The  Village  of  Katonah  is  located  downstream 
of  the  dam  as  well  as  the  Muscoot  and  New  Croton  Reservoirs.  The 
facility  which  was  put  into  service  in  1908  is  now  70  years  old.  A 
visual  inspection  of  the  dam  indicates  the  dam  is  showing  its  age. 
It  reportedly  has  not  undergone  any  major  improvements  or  repair 
since  its  construction  other  than  replacement  work  from  the  damages 
caused  by  the  storm  of  October  15-18,  1955. 

Considerable  structural  cracking  of  the  concrete  elements  has  oc- 
curred sometime  prior  to  1965  in  an  area  comprising  the  bastion 
chamber.  This  area  is  above  the  normal  water  elevation.  It  has 
not  been  ascertained  what  has  caused  this  damage.  Frost  heave  is 
suspected.  Reportedly,  the  cracks  in  this  portion  of  the  dam  have 
worsened  over  the  years.  The  Bureau  of  Water  Supply  has  shored  up 
the  interior  of  the  bastion  chamber  with  structural  steel  members. 
However,  this  condition  presents  a distinct  safety  hazard  to  those 
using  the  roadway  across  the  dam.  Additional  reservoir  head  on  the 
dam  acting  alone  or  in  combination  with  other  loads  could  cause 
failure  and  collapse  of  the  roadway  in  this  area.  Some  damage  to 
the  dam  from  this  failure  is  also  possible. 

The  dam's  downstream  face  shows  considerable  surface  spall inq  of 
concrete.  Vertical  cracks  are  distinguishable  at  the  downstream 
face  quarter  prints.  Surface  wetness  has  been  noted  as  well  as 
calcified  seepage  deposits  on  the  downstream  face  of  the  dam.  The 
ground  surface  has  been  found  to  be  dry  except  for  one  area  along 
the  south  abutment.  A leak  into  the  valve  pit  area  was  uncovered. 
Some  seepage  has  been  noted  under  the  concrete  spillway. 

A stability  analysis  indicates  the  dam  has  an  unsatisfactory  factor 
of  safety  against  overturning  and  sliding  when  uplift  forces  are 
considered.  Hydrologic  and  hydraulic  analysis  indicate  the  1/2  PMF 
discharge  would  have  a sufficient  stage  to  flood  the  bastion  cham- 
ber and  apply  additional  lateral  load  on  the  structure  threatening 
collapse  of  the  road  in  that  area.  The  analysis  also  indicates 
that  the  dam  would  be  overtopped  by  a PMF  event.  The  spillway 
capacity  is  88  percent  of  the  PMF. 

7.2  REMEDIAL  f€ASURES 


A more  In  depth  investigation  of  the  dam  should  be  performed  to 
determine  whether  the  dam  is  safe  for  normal  operations.  At  this 
time,  more  data  is  needed  to  make  this  determination.  It  is 
obvious  the  dam  is  in  need  of  repair.  Repairs  to  the  components 
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of  the  bastion  should  be  done  as  soon  as  possible,  and  the  area 
should  continue  to  be  kept  under  close  observation.  The  owner 
should  determine  the  cause  of  the  extensive  structural  damage  in 
the  bastion  chamber. 

The  owner  should  take  steps  to  evaluate  the  structural  integrity  of 
the  dam.  A number  of  testing  agencies  are  currently  employing  non- 
destructive testing  (NOT)  techniques  to  evaluate  concrete  struc- 
tures. Characteristics  such  as  compressive  strength,  modules  of 
elasticity,  voids,  honeycombing,  cracking,  cement  matrix  loss,  and 
loss  of  bond  between  paste  and  aggregate  can  be  identified  from  NDT 
data.  These  data  provide  information  on  possible  damage,  deterio- 
ration, or  faulty  construction.  One  NDT  method,  provided  by  a di- 
vision of  the  Portland  Cement  Association,  called  the  micro  seismic 
technique,  permits  concrete  members  to  be  inspected  from  one  side 
only  (See  Appendix  F).  It  is  believed  that  the  structural  integity 
of  the  dam  could  be  evaluated  using  NDT.  Selective  cores  would 
have  to  be  taken  as  part  of  this  effort. 

Additional  field  investigations  and  engineering  studies  related  to 
structural  stability  should  be  conducted  to  determine  the  cause  and 
extent  of  underdam  seepage  and  resulting  uplift  pressures  and  their 
effect  on  the  dam's  stability.  An  engineering  geology  field  in- 
vestigation should  be  conducted.  This  investigation  should  include 
subsurface  explorations,  such  as  borings,  to  obtain  undisturbed 
rock  samples  and  to  determine  the  geologic  and  engineering  proper- 
ties of  the  rock.  Instruments  should  be  installed  to  determine 
seepage  gradients  and  pressures.  The  work  should  be  extended  to 
all  areas  vrfiere  seepage  is  suspected. 
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SECOND  INSPECTION  ON  AUGUST  2,  1978 


STAFF  MCE  OF  RECORDER 


UNGATE  P SPILLWAY 


o 


w u 


DISCHARGE  CHANNEL  Rock.  Bedded,  foliated  rock.  Under  Cavity  should  be  filled  and  surface 

bridge  south  spillway  wall  has  a above  cavity  covered  to  lessen  potei 

rock  cavity,  possibly  from  discharge  tial  rock-fall  along  foliation  whicl 

or  from  construction.  Cavity  shows  could  weaken  bridge  foundation. 
considerable  weathering  along  seams  in  gneiss. 


next  to  bridge. 


VISUAL  EXAMINATION  OF  I OBSERVATIONS  I REMARKS  OR  RECOMMENDATIONS 


AT I ON/SURVEYS 


VISUM.  EXAMINATION  Of  OBSERVATIONS  REMARKS  OR  RECOMMENDATIONS 


SHEET  11 


RA I NF ALL/ RESERVO I R RECORDS  None. 


2 

3 

s 


O I/I 


s 


CHECK  LIST 

HYDROLOGIC  6 HYDRAUL I C 

Engineering  data 


DRAINAGE  AREA  CHARACTERISTICS:  29.80  sg.  ml. 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  329.55 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  329-55 

ELEVATION  MAXIMUM  DESIGN  POOL:  3<<0-00 

ELEVATION  TOP  DAM:  340.00 


CREST: 


a. 

Elevation 

329-55 

b. 

Type 

Concrete  capped  weir  on 

rock  into  chute  spillway 

c. 

Width 

4 feet 

d. 

Length 

240.00 

e. 

Location  Spillover  North  abutment 

f. 

Number  and  Type  of  Gates  None. 

OUTLET  WORKS:  (Drawdown) 

a. 

Type  

Conduit  pipes  (see  this 

report) 

b. 

Location 

Center  section  of  dam. 

c. 

Entrance 

Inverts  224.00 

d. 

Exit  Inverts  205  - 

a. 

Emergency  Dra Indown  Facilities  None 

other  than  outlet  works 

NVtMMTIOAOLOCICAL 

GATES: 

a. 

Type 

None 

fc. 

Location 

None 

c . None 
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NEW  YORK  STATE  DEPT  OF  ENVIRONMENTAL  CONSERVATION  ALBANY  F/G  13/2 
NATIONAL  DAM  SAFETY  PROGRAM.  CROSS  RIVER  DAM  (ID  NUMBER  NY38J.  — ETC(U) 
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UN  1 1 til  API1  AND  PYDROURAPH  COMP  JULY  1966  (RLV1SED  mUC.LSI  19/6) 
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OPERATIONS  AVAILABLE  — 

IRC  1NT  ■ SLT  TIME  INTERVAL  OF  ALL  COMPUTATIONS 
MT  H = COMPUTE  UH  BY  INPUT,  CLARK,  OR  SNYDER 
KAIN  * INPUT  RAIN  AND  LOSS  RATE  DATA 

UNOFF  * INPUT  BASEFLOk,  COMPUTE  I PRINT  KYDROCRAPm 
NT  * PRINT  UNIT  HVDROGR APM  ONLY 

STOP  * STOP  (XECUTION  OF  PROGRAM 

•SER  MUSI  SELECT  OPERATION  DESIRED 
■ AY  RETURN  TO  ANY  OPERATION 


iELECT  1-t  ( I «T IME  1U1 ,2‘UNIT  H, o >RA IN ,4«RUNC F F , 9«PNT , *6  = ST0P ) 1 
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IP 

CP 

1C  K 
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0.5  4 

7. 90  5 .30 

rLEcr  i-i 

( 1 *T  I 
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<> TER  RATIO  IMPERVIOUS  » ( .00 
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0.02 
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SeLECT  1-'j  (1»TME  lia^UNIT  H,3»RAIN,4«RUNCFF,9«PNT,*6»ST0F)  4 
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M VCCIFICATIN 

M Ml  MM  1M!  1M  1NM  KMC  MIT  IMT  NSTM 


ItTM  1 

NMKA  MMFF  COMVTATIOA 
IBM  mm  !T(K  JOLT 

JPIT  1MK 

1 

• 10  0 

I 1 

M1K  MB  TAKA 

MMOCMPH  MTA 

MM  MBA  TMPC  AATIO 

IIMH  ISAM 

LOCAL 

•1  1 21.00 

« 0 

0 

4-MOM  24-MM  72-MIII  TOTAL  Vtt.UK 
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Of  STO 

m n 

OF  07 

1 

O. 

41. 

49. 

2 

O. 

If. 

49. 

3 

99. 

49. 

49. 

4 

44. 

142. 

47. 

3 

114. 

90. 

119. 

4 

213. 

140. 

224. 

7 

344. 

2121. 

391. 

9 

492. 

1973. 

912. 

4 

171. 

190. 

993. 

19 

429. 

1329. 

494. 

11 

479. 

1249. 

70. 

12 

717. 

UO. 

749. 

13 

09. 

1929. 

979. 

14 

1947. 

3974. 

1329. 

19 

1413. 

410. 

2921. 

14 

1794. 

4941. 

2799. 

17 

1919. 

9242. 

3299. 

19 

190. 

3399. 

3292. 

19 

1991. 

1993. 

3939. 

If 

1719. 

1139. 

2491. 

21 

1999. 

441. 

2394. 

22 

1412. 

399. 

2919. 

23 

1277. 

249. 

1741. 

24 

1194. 

144. 

1929. 

29 

1944. 

199. 

1323. 

24 

90. 

77. 

1141. 

27 

947. 

43. 

90. 

29 

797. 

49. 

90. 

29 

739. 

49. 

743. 

39 

479. 

49. 

794. 

OR 

34931. 

FOR 

4*00 

24*00 

72-00 

cfs  3m.  mn,  isti.  t m.  mm. 

inks  i .o  i.«v  t.ft  i.n 

•C-fT  um.  im.  390.  ms. 
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90719  n 9 )Ot.  2914.  019.  1229.  29.0 
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0 P E R A T 1 0 N '•  A V All > dLE  --- 

T 1 Ml  1M  * Sir  Tim  INTI  AVAL  Of  All  CuMPOTATiCNS 
V.A1T  H *■  CO  *PU  T E U»«  BY  INPUT  # CLANK#  OR  SNYDER 
W a IN  = IMUT  R A 1 1'  AND  10SS  RATE  DnTA 

nlnofe  « input  basifoon#  cuppuu  i print  hydro >: rap m 

k K T - PRINT  UN  1 1 HVDROUR APM  ONLY 

MOP  * ST  ’P  EXECUTION  OF  PROGRAM 

USER  MUST  SELtCT  OPERATION  DESIRED 
RAT  RETURN  TO  ANT  OPERATION 


St  IIC  T 1-*  ( 1 •*  1 1 N t IM#?«UNI1  M# 3»K A 1 N# 4«KUNC F F # b «PNT # *6*$ TOP > 
iMER  TIKI  INTERVAL ( 1N>«  IfcO. 


SELECT  1-c  (1-TINE  1M#2*UN1T  h#  3* RA IN # 4» RUNG F F # b*PNT  # '6* STOP  ) 

tMM  DRAINAGE  ARIA  ( SUM  1 ) > 2*.«C 

StllCT  1-4  (1*1NPUT  OM#  2»CLARK#  j«SNYdER  ) 2 

INTER  NUMBER  r f TIME-AREA  0R01NAPS  (l.«NONC ) » l 

lNTER  CLARKS  TC  AND  R (HRS)  > 7.00  5 . 3C 


6.41  C.b84  y.9C  5.3U 


ttlkCI  1-4  ( 1 » T 1 N f 1»  T #2»UN1T  H# 3 *R A 1 N# 4»RUN0 EF #5»PNT # *6» STOP  ) 
INTER  RATIO  IMPERVIOUS  * C .00 

SELECT  1-4  ( 1 *R A IN#  2»SPS#  3«PPS  ) 3 

t MIR  PMS  INDEX  RAlNIAll  (IN)  * 24.01 
LMCR  R6#K12#R24#R4E #R72#R96  > 96.00  111  .00  124.00  139.00 

ttxTER  TRSPC  AND  TRSO A (SDMI)  « U.OC  29. 8C 

SELECT  1-3  ( 1 * IN  1 T+C  ONST  # 2»ACUM  LOSS#  3>SCS)  1 

f R TIR  INITIAL  10SS(1<>#  CONSTANT  L0SS(1N/HR>  > 1.00  C, 


S l IIC T 1-6  ( 1 • T I ME  ] T#2*UN1T  N# 3 = RA I N#4«RUNC F F « 5 »PNT • *6»ST0F ) 

.MIR  A TITLE  PLEASE  - CROSS  RTvER  PM 

SMEH  STRTtt#QRCSN#ANu  RT10R  » 61.00  61. CE  1 .00 


»R 

MIN 
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3 

0 
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0.06 

U.OC 

46o  . 
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60 

6 

c 

L.06 

0.06 

0.00 

1439. 

60. 

60 

9 

L 

1.18 

0.18 

0.00 

1750. 

60. 

60 

12 

0 

C.ltt 

0.16 

U.00 

1214. 

60. 

60 

IS 

0 

0.77 

0.62 

0.15 

67  V . 

6C. 

130 

18 

0 

1.56 

0.30 

1.26 

379. 

60. 

865 

21 

0 

0.09 

0.09 

U.OC 

212. 

60. 

2136 

24 

0 

0.09 

0.09 

0.00 

119. 

60. 

2447 

27 

0 

0.52 

rwD 

mwrrn 

67. 

1 ?v4 

J 

0 

0.52 

i an 

37. 

1392 

J3 

0 

1.5u 

b .sit 

1 .2b 

21  . 

oC. 

If  23. 

36 

0 

1.50 

0.30 

1.20 

12. 

60. 

3286  . 

3V 

0 

6.35 

0.30 

6.05 

60. 

7293. 

42 

c 

12.89 

0.30 

12.59 

60. 

18537. 

45 

b 

b.  76 

0.3b 

0.48 

6b  . 

31447. 

46 

c. 

1.78 

0.30 

0.48 

60. 

31726. 

51 

c 

C.03 

0.03 

o.oc 

6 C . 

21747. 

54 

b 

C .03 

0.03 

0.00 

60. 

12743. 

3/ 

b 

b.Ub 

0.08 

U.bC 

Ob. 

7266. 

to 

0 

0.01. 

0.08 

0.00 

60. 

4092 . 

ts 

0 

t .36 

0.30 

0.06 

6G  . 

2344. 

66 

b 

0.73 

0.30 

0.43 

60. 

1612. 

69 

b 

0.04 

0.04 

b . 0 b 

6C. 

U87. 

72 

0 

P.04 

0.04 

0.00 

60. 

1275. 

75 

b 

60. 

8 C2 . 

78 

0 

60. 

391. 

81 

L 

6b  . 

242. 

o4 

0 

60. 

158. 

c7 

C 

60. 

115. 

SC 

0 

60. 

51. 

Si 

b 
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> 6 

o 

6G. 

70. 
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0 
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65. 
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0 
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to. 
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SELECT  1-6  ( 1 * T I Nt  lNT/2*UNIT  M / 3sRAi></4  = RUN(iFF  / 5=  PN  T / ' 6s  S TOP  ) 1 

INTER  1 1 W l INTERVAL  (PIN)*  IK. 


iLLECT  1-6  ( 1 *T 1 HE  INI  /2SUN1  T H,  3 * RA  I ti /4  » RUMl  F F , 5*  PNT  # • 6*  SI  OP  ) 2 

tNTER  DRAINAGE  AREA  (SQRI)  ■ 2V.oO 

‘.tlfcCT  1-3  (1*IMHIT  UM  * 2*CLARK#  3*SNTDEH  > 2 

l \TEK  NUi'btR  Of  TinE-AREA  ORDINATES  <C*NONE)«  C 

t\TER  CLARKS  1C  AND  R (HRS)  « 7. VO  5.3C 

T P CT  TC  K 

o.4l  0.524  7.9C  5. 3U 


■cLtCT  1 -*  (1*1lPt  1 N1  / 2 SUN I T H/ 3 =R A I N / 4 = RUNC F F / 5 « PN T / * 6 = S T OP  ) 3 

t .uTE  R RATIO  INPERVDUS  * C.OC 

StLECT  1-3  < 1 = R A IN/  2*SPS#  3*PMS  ) 2 

INTER  SPS  INDEX  RAINFALL  (IN)  * 12. OC 

t>\TER  TRSRC  AND  TRSDA  (SARI)  * 1 .00  29.6 U 

SELECT  1-3  (1=INIT*C0NST/  2«ACUM  LOSS/  3=SCS)  1 

ENTER  INITIAL  LOSSUN)#  CONSTANT  L0SS(1N/HR>  = 1 .00  0.1  3 


SELECT  1-6  < 1 * T I WE  IJT/2*L’NIT  H/5SRA1N/4SRUNCFF  # 5 2FNT  / *6sST0P)  A 

l\TER  A TITLE  PLEASE  - CROSS  RIVER  SHF 

ESTER  STRTQ/ARCSN/ANO  RTIOR  * 6C.00  6T.0C  1.00 
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LOSS 

EXCESS 

GNIT  HG 

RECSN 

r l 0 «l 

3 

0 

0.01 

0.J1 

0.00 

462. 

60. 

60 

6 

0 

i.OI 

0.01 

O.OL 

143V. 

6G  • 

60 

V 

0 

0.03 

0.03 

o.ro 

1750. 

60. 

60 

12 

0 

0.03 

0.03 

0.00 

1214. 

60. 

60 

15 

0 

C.10 

0.10 

0.00 

67V. 

60. 

60 

18 

C 

C.20 

0.20 

c.oo 

37V. 

60  . 

60 

21 

0 

0.02 

0.02 

0.00 

212. 

6 C • 

60 

24 

0 

0.02 

0.02 

0.00 

119. 

60. 

60 

27 

0 

0.05 

0.05 

0.00 

67. 

60. 

60 

30 

0 

0.05 

0.G5 

C .00 

37. 

60. 

6C 

33 

0 

C.13 

0.13 

0.00 

21 . 

60. 

60 

36 

c 

0.13 

0.13 

0.00 

12. 

60. 

60 

39 

0 

0.45 

0.37 

0.08 

60. 

V7 

42 

0 

C.91 

U.30 

0 • 6 1 

60. 

■*  6 C 

45 

c 

C .Ob 

0.0b 

0.00 

60. 

1 0 76 

4b 

0 

G.Ob 

0.08 

o.ou 

60. 

1225 

51 

0 

C .35 

0.30 

0.05 

60. 

678 

54 

L 

0.35 

0.30 

0.05 

60. 

• CO 

57 

r. 

0.94 

0.30 

0.64 

60. 

767 

60 

c 

0.94 

0.30 

0.64 

60. 

1 i6fi 

63 

0 

3.3U 

0.30 

3.00 

60. 

3677 

C6 

0 

c.7b 

0.30 

6 .40 

6C. 

V 365 

6V 

0 

0.5b 

0.30 

0.28 

60. 

1 5 v 1 9 

72 

0 

0.5b 

0.30 

0.2b 

60. 

16145 

75 

0 

0.02 

0.02 

0.00 

60. 

11154 

( 


n 

0 

0 .02 

0.02 

C .01 

60. 

6589. 

el 

0 

0.05 

0.05 

0.00 

60. 

3777. 

64 

0 

0.05 

0.05 

0.00 

60. 

2 .40. 

£7 

0 

0.17 

0.17 

0.00 

60. 

1224. 

90 

0 

0.33 

0.50 

0.05 

60. 

736. 

S3 

0 

0.03 

0.03 

0.00 

60. 

495. 

96 

G 

0.03 

0.03 

0.00 

60. 

348. 

99 

C 

60. 

214. 

U2 

0 

60. 

103. 

1C5 

0 

60. 

82. 

1 Cb 

0 

60. 

71. 

111 

0 

60. 

66. 

1 14 

0 

60. 

63. 

117 

0 

60. 

62. 

120 

0 

60. 

61. 

123 

0 

60. 

61. 

126 

0 

60. 

60. 

129 

0 

6C  . 

60. 

TOTAL 

16.76 

4.66 

12.06 

63sfc  . 

2580. 

79866 

SELECT  1-6  <1*TIME  INI# 2 SUN I T H, 1 *R A] N ,4 *RUNC F F , 5«PNT , *6*ST0F  ) 
t MtR  TIME  INTERVAL  (MIN)*  18C. 


SELECT  1-6  <1*TIME  IAT,2*UNIT  H,3=RAIN,4*RUNC FF,5*PNT,*6*ST0P? 

CATER  DRAINAGE  AREA  (SQM1)  * <9.8C 

SELECT  1-3  <1*lNfUT  UH#  2ZCLARK,  3ZSNVDER  > 2 

LATER  NUMBER  OF  TIME-AREA  ORDINATES  (OzNON£)z  C 

INTER  CLARKS  TC  AND  R (HRS)  * 7.90  5.3C 

TP  CP  TC  R 

6.41  0.364  7.90  5.30 


SELECT  1-6  ( 1 *T  IMF  It*T,2zUNIT  H,  3ZRAIN,4=RUNC  F F ,5ZPN  T , '6*  STOP  > 
INTER  RATIO  IMPERVIOUS  * 0.00 

SELECT  1-3  ( WAIN,  2«SFS,  3*PMS  ) 

EATER  NUMBER  PERIODS  OF  RAIN  * 21 

ENTER  RAINFALL  (IN/TIME  INT)  * 
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1. 
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4344. 
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WT 

t 

*. 

49. 

49. 

2 

49. 

49. 

41. 

3 

149. 

4*. 

144. 

4 

4*. 

1*1. 

471. 

9 

*4. 

2242. 

444. 

4 

19*. 

2121. 

1342. 

7 

1122. 
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1441. 

• 

1191. 

1413. 

1923. 

4 

13*. 

2949. 

1411. 

19 

2919. 

92*. 

*19. 

ll 

3729. 

1*19. 

*14. 

12 

4443. 
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144*. 

13 

93*. 
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14 

1949. 
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27131. 

19 
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14 
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19 
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14 
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19 
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22 
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23 
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24 
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Nr.  Neal  Dun levy 
Dale  Engineering  Company 
Bankers  Trust  Building 
Utica,  New  York  13501 

CONCERNS : Inspection  of  Concrete  Gravity  Dams 
Dear  Nr.  Dunlevy: 

As  discussed  in  our  telephone  conversation  earlier  today,  I am 
enclosing  a copy  of  information  describing  our  nondestructive 
testing  capabilities.  In  addition,  I am  enclosing  a copy  of 
the  Construction  Technology  Laboratory  Review  describing 
specific  jobs  where  this  procedure  has  been  employed. 

In  discussions  with  other  members  of  our  staff,  I have  deter- 
mined that  it  is  possible  to  measure  internal  hydrostatic 
pressure  acting  to  reduce  vertical  compressive  stresses  in  the 
concrete.  We  can  develop  a proposal  to  do  work  such  as  this. 

As  discussed,  I would  suggest  that  the  dam  you  described  be 
thoroughly  evaluated  using  the  pulse  echo  method  of  non- 
destructive testing.  In  addition,  selective  cores  should  be 
taken.  Based  on  results  of  these  findings,  it  should  be 
possible  to  make  recommendation;  for  measures  to  assure  con- 
tinued safety  of  the  dam. 

We  would  be  pleased  to  make  a proposal  for  doing  detailed 
evaluation  of  concrete  dams. 


Department 


Sincerely  yours 


W.  G.  Cor 
Engineer! 
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con/tfudion  technology  loboratorie/ 

• Division  of  lha  PORTLAND  CEMENT  ASSOCIATION 
$420  Old  Orchard  Road.  Skokie.  Illinois  60076 
Area  Code  312/ 066  6200 


THE  MICROSEISMIC  TECHNIQUE  OF  NONDESTRUCTIVE  TESTING 


Microseismic  techniques  employing  low  frequency  mechanical 
energy  are  used  to  detect*  locate*  and  photographically  record 
physical  and  mechanical  discontinuities  within  solids.  Concrete 
strength  and  modulus  as  well  as  the  presence  and  orientation  of 
surface  and  internal  cracking  can  be  determined. 

Nicroseismic  testing  is  based  on  Snells'  Law  of  Reflection  and 
Refraction  of  mechanical  energy.  Briefly*  this  physical  law  states 
that  as  a mechanical  wave  propagates  through  a material  with  a 
velocity  V^*  a portion  of  that  energy  will  be  reflected  as  a 
second  material  is  encountered.  The  wave  will  be  reflected  from  the 
second  material  having  a lower  velocity  Vj.  The  ratio  of  the 
reflected  energy  to  the  energy  introduced  is  directly  proportional 
to  the  ratio  of  velocities.  For  example*  when  a concrete  to  air 
interface  is  encountered  approximately  90%  of  the  energy  is 
reflected.  This  is  based  on  relative  velocities  of  15*000  ft/sec 
for  concrete  and  1*100  ft/sec  for  air.  Should  the  discontinuity  be 
filled  with  water*  then  a concrete  to  water  interface  is  encountered 
and  approximately  70%  of  the  energy  is  reflected. 

An  electronic  timing  circuit  is  used  to  measure*  in  micro- 
seconds* the  time  used  for  the  mechanical  wave  to  enter  the  solid* 
propagate  to  the  rear  wall*  and  reflect  back  to  the  entry  surface. 
When  the  distance  the  wave  has  traveled  is  known*  a distance  versus 
time  relationship  can  be  established  and  a compressional  wave 
velocity  Vc  can  be  calculated.  This  value  of  Vc  can  then  be 
used  to  determine  an  insitu  compressive  strength*  (f')  for  the  con- 
Crete.  This  compressive  strength  is  derived  from  established 


correlation  charts  or  from  correlations  with  concrete  cores  taken 

from  the  structure  in  question.  In  addition,  a shear  wave  velocity 

Vg  is  calculated  from  the  time  measurement.  Combining  Vc  and 

Vtf,  calculated  values  for  Poissons  Ratio  and  Young's  Kodulus, 

E . can  be  made, 
c 

A visualisation  of  the  reflected  energy  on  a cathode  ray  tube 
makes  possible,  in  some  cases,  the  identification  of  internal 
discontinuities.  Por  example,  "ring  down  time"  of  the  initial 
reflection  will  usually  differentiate  cracks  from  voids.  Second  and 
third  reflections  are  used  to  identify  microcracking,  excessive  air, 
and  softening  of  the  cement  matrix. 

The  test  equipment  is  portable  and  includes  the  following: 

1)  Visual  display  read  out 

2)  Time  and  signal  measuring  device 

3)  Electro/mechanical  transducer 

4)  Constant  energy  mechanical  wave  producer 

5)  Couplant 

Test  sequence  includes  the  following  procedure: 

1)  Select  test  locations 

2)  Prepare  area 

3)  Apply  couplant  to  transducer 

4)  Seal  transducer  to  test  surface 

5)  Produce  mechanical  wave  at  the  test  surface 

Records  including  the  following  are  obtained: 

1)  Visual  display  records  electro/mechanical  energy 

transfer 

2)  Time  and  signal  is  measured 

3)  Visual  display  is  activated 

4)  Test  data  is  displayed 

5)  Film  type  record  is  made  (if  necessary) 


Further  information  can  be  obtained  from: 

Dr.  W.  Gene  Corley,  Director 
Engineering  Development  Department 
Portland  Cement  Association 
5420  Old  Orchard  Road 
Skokie,  Illinois  60077 
Phone:  312-966-6200,  Ext.  413 


